Abstract. In this paper, fundamental frequency optimization of fiber metal laminated plates is studied using the combination of Elitist-Genetic algorithm (E-GA) and finite strip method (FSM). The design variables are the number of layers, the fiber orientation angles of inner composite layers, edge conditions and plate length/width ratios. The classical laminated plate theory (CLPT) is used to calculate the natural frequencies and the fitness function is computed with a semi-analytical finite strip method which has been developed on the basis of full energy methods. To check the validity, the obtained results are also compared with some other stacking sequences.
Introduction
Fiber metal laminate (FML) composites are laminates composed of alternating layers of reinforced polymeric composites and aluminum alloys in a way that aluminum alloy sheets are outer layers protecting the inner composite layers. FMLs main attribute is the improved fatigue resistance. Because of the outer aluminum alloy layers, FMLs have improved resistance to impacts and environmental conditions. The use of aluminum alloy layers improves specific stiffness and strength, and also results in weight savings in the design of tension-dominated stresses in structural components. These hybrid materials are divided into three groups according to the type of fiber used in polymeric composite layers, as follows: reinforced with aramid fibers (ARALL); glass fibers (GLARE) and carbon fibers (CARALL) [1] [2] . They have been introduced as structural composite materials for advanced aerospace applications such as for the Airbus A380 aircraft fuselage, aircraft lower wing skin and internal parts of the airplanes [3] . A fiber metal laminated plate is shown schematically in Fig. 1 .
In the present paper, fundamental frequency optimization of FMLs is investigated using the E-GA with 15 different combinations of edge conditions. In order to reduce the calculation time, the elitist strategy is used in Genetic algorithm. The optimal layer sequences are found using the E-GA and FSM without yielding a local optimum for all cases. 
Problem Description
Based on the CLPT, the constitutive equations for a plate can be expressed as follows by performing appropriate analytical integration through the uniform thickness: and xy M are the bending and twisting stress couples per unit length and , ψ ε are the curvature vector and mid-plane strains. Moreover, the plate stiffness coefficients are defined as:
where ij Q are plane-stress stiffness coefficients. Due to symmetry of lay-up the coupling between in-plane and out-of-plane force and deformations will not appear (i.e., .Using Eq. (1) and integrating through the thickness of the structure with respect to z gives an expression for the strain energy of a finite strip, which can be put into the following form:
The general expression for the strip kinetic energy is:
where [k] is the strip stiffness matrix and [m] is the strip mass matrix and {d} is a column matrix which contains the strip's degrees of freedom and ρ is a mean mass per unit area of the plate.
For the whole structure, the total strain energy and kinetic energy are obtained by summations of the corresponding energy components of all strips.
The structural equation of motions can be obtained by applying the Lagrange equations as:
The solution of this eigenvalue problem is:
where ω are natural frequencies. Natural frequency is normalized as a frequency parameter:
The optimal design problem can be stated as follows:
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Composite Science and Technology where j is half of the inner composite layers number. The optimal stacking sequences and ply angles are searched with the Elitist-Genetic algorithm. The assumed in-plane displacement and out-of-plane displacement in the full-energy semianalytical method are [4] [5] : 
Elitist-Genetic Algorithm
In this work Genetic algorithm with elitist selection based on cloning the best individuals in the generation is used in the optimization process. An individual in the present E-GA is an array of j chromosomes. Each ply angle is represented by a chromosome and each chromosome is introduced by 8 genes. In the optimization process, the individuals with better fitness are kept and automatically reinserted in the next generation, right before the next selection process take place [6] [7] [8] . The number of exchanged individuals (migration rate) and the scheme of migration determine how much genetic diversity can occur in the populations and the exchange of information between the populations. Schematic diagram of E-GA is shown in Fig. 2 . Fig. 2 Schematic diagram of Elitist-Genetic algorithm.
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In the algorithm, the crossover operation mixes the chromosomes of the parents by swapping a portion of the data structure, and is repeated with diffrent parents to create a sufficient number of candidate solutions in the next generation population. This created offspring is randomly mutated by flipping bits in the chromosome data structure based on a fixed very small probability of mutation on the order of 0.01 or less.
Numerical Results
The optimization results of the fiber metal laminated plates (h/a=0.01) are given for AS/3501 graphite/epoxy material [9] (inner composite layers) and aluminum alloy 2024-T3 [1] Each of the lamina is assumed to be same thickness. Fig. 3 compares the present optimal solutions [Al/θ 1 / θ 2 / θ 3 ] S,opt of the 8-layerd fiber metal laminated square (a/b=1) and rectangular (a/b=2) plates with those of the square and rectangular FMLs with other stacking sequences. As inferred from the results, the good efficiency of the E-GA search strategy and its ability to provide high-quality solutions is confirmed for diffrent aspect ratios, and all the present optimal solutions yield higher natural frequencies than those of the square and rectangular plates with the other stacking sequences. 1,2,4) , and the layer number (n= 8,14) . The fiber angle of each ply in the inner composite layers is changed with a step of 1 also represents converged optimum solutions for the various combinations of free (F), simply supported (S) and clamped (C) edge conditions. As seen, the edge conditions play an important role on the natural frequency parameter of the FMLs. As the number of the clamped plate edges is increased an evident increase in the natural frequency parameters is observed, such as for the edge condition CCCC in a/b=1. This can be explained that the clamped edges provide less degrees of freedom and it is effective to stiffen the plates. Table 1 also shows the effect of number of layers on the optimum design for various plate edge conditions and a/b ratios. As seen, the maximum natural frequency and the optimum fiber orientations are not influenced substantially and approach a limiting value with an increasing layer number. Table 1 
Summary
In this work, fundamental frequency optimization of symmetrically fiber metal laminated plates was studied using the combination of E-GA and FSM for various plate edge conditions, a/b ratios and layer number. As seen from the results, the combination of E-GA and FSM were successful in the determination of the fundamental frequency and optimal layered sequences in comparison with the other layered sequences without yielding a local optimum for all edge conditions. In addition, the maximum fundamental frequency and the optimum fiber orientations are substantially influenced for edge conditions and a/b ratios.
